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(57) Abstract 

A wire assembly and 
method of induction heating 
in which a composite coating 
containing a thermoplastic and 
susceptor particles is extruded 
over an electrical conductive wire. 
When an alternating current of an 
appropriate frequency is passed 
through the wire, die susceptor 
particles absorb energy from the 
alternating magnetic field which 
is generated by the electric current 
and thus are heated to the extent 
that they heat the surrounding 
thermoplastic as well as materials 
immediately adjacent to the thermoplastic. 




Thus, the composite-coated wire can be used to bond thermoplastic parts along a seam in 
which the wire'is placed. In addition, the combination of wire and susceptor-loaded composite can be used to supply heat to activate a 
thermoset adhesive. The susceptor particles are optimally oriented to and positioned around the electrical conductive wire for absorption of 
the magnetic field because of the extrusion process and the configuration of the wire with surrounding composite containing the particles. 
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WIRE ASSEMBLY AND METHOD OF INDUCTION HEATING 

Field of the Invention 

5 This invention relates to high frequency induction heating and, more 

particularly, to a wire assembly and method for utilizing high frequency induction 
heating for bonding thermoplastic materials and activating thermoset adhesives. 
Background of the Invention 

There are several known heating systems and methods for bonding 

10 thermoplastic materials and activating thermoset adhesives to bond articles 

together. For example, fusion bonding of thermoplastic materials is often used and 
generally involves the heating of the materials until they become molten at their 
sealing surfaces, thus causing the materials to flow together at the interfaces. 
According to one type of fusion bonding, heat is applied to the 

15 thermoplastic article to be bonded by directly attaching heating elements or units to 
the material to be bonded, so that the material is heated when current is applied to, 
and flows through, the elements. Another known fusion bonding technique involves 
the use of radiant microwave energy to heat the material by dielectric polarization, 
hysteresis heating and/or resistive heating. Dielectric heating is still another known 

20 fusion bonding technique, in which two plates or electrodes create a varying electric 
potential (voltage) around or through the material to be heated. These techniques 
are, for the most part, equally applicable to the activation of thermoset adhesives to 
achieve the same results. 

However, there are several disadvantages associated with various ones of 

25 the above type of techniques. For example, certain of the techniques do not lend 
themselves to applications in which heat has to be introduced into areas that are not 
easily accessible, and/or in which it is desirable to confine the heating to the area 
near the interface (or "bond line") between the articles to be bonded. Other 
disadvantages are that certain of the techniques do not work satisfactorily in 

30 situations where the articles to be bonded are too large for practical application of 
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heat to the whole article. Also, with certain of the techniques, it has been difficult 
to achieve uniform heating of the materials or the thermoset adhesive. Even more, 
certain of the techniques are relatively inefficient, thus requiring a relatively large 
amount of electrical power, and therefore often cannot be used with portable power 

5 sources, such as batteries. 

An application in which heating at a bond line is required is the sealing of 
joined or spliced communication cable ends. Communication cables are typically 
constructed of a conductor bundle, surrounded by a metal strength and interference 
sheathing and an outer protective coating, typically of polyethylene. Although the 

10 term "conductor" and similar terms are sometimes used herein, it is to be 

understood that the terms refer here to not only electrical conductors, but also to 
any and all other materials and paths for communication, such as optic fibers and 
others. When such cables are spliced and rejoined, the strength and integrity of the 
rejoined cable is critical. An enclosure or closure body including end seals is used 

15 to sealingly surround the splice. A persistent problem in the use of splice closures 
and end seals involves the need for a complete seal about the splice, the end seals, 
the cables and the closure body. 

Therefore, what is needed is a heating system and method for high 
frequency induction heating in which the heat can be introduced into areas that are 

20 not easily accessible, in which the heating must be confined to an area near the bond 
line, and/or in which the objects to be bonded are too large for applications of heat 
to the entire object. Also needed is a heating system and method of the above type 
which achieves uniform heating in an efficient manner. 
Summary of the Invention 

25 According to the present invention a layer of thermoplastic material 

containing susceptor particles is applied over an electrical conductor and the 
electrical conductor is placed in a heat exchange relationship to an object to be 
bonded. When electrical energy is applied to the electrical conductor to create an 
alternating magnetic field, the susceptor particles absorb the energy from the 

30 magnetic field and heat up and melt the thermoplastic material of the object to 
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enable it to be bonded to another object. 

The advantages of the present invention include applicability to bonding 
applications in which the heating must be confined to an area near the bond line, 
when the objects to be bonded are too large for applications of heat to the entire 
5 object, and/or when the bond line is not easily accessible. Another advantage of the 
present invention is that the wire assembly achieves uniform heating in an efficient 
manner. 

Brief Description of the Drawings 

Fig. 1 is a cross-sectional view of the wire assembly of the present invention. 
10 Fig. 2 is an exploded, isometric view of two thermoplastic sheets to be 

bonded with the wire assembly of Fig. 1. 

Fig. 3 is a view similar to that of Fig. 2 but showing the wire assembly of 
Fig. 1 applied to one of the sheets of Fig. 2. 

Fig. 4 is an isometric view depicting the sheets of Fig. 2 bonded together. 
15 Fig. 5 is a view similar to that of Fig. 3 but depicting another alternative 

embodiment of the present invention. 

Fig. 6 is a view similar to that of Fig. 1 but depicting an alternative 
embodiment of the present invention. 
Description of the Preferred Embodiment 
20 An embodiment of the wire assembly of the present invention is shown, in 

general, by the reference numeral 10 in Fig. 1, and includes a stranded wire 12 of an 
electrically conductive material such as copper. An example of the size and 
specifications of the wire is 26 AWG 7/34 although other sizes and specifications 
would be equally applicable. Alternatively, the wire 12 may be a ribbon or tape or 
25 have other cross-sectional configuration. 

An inner layer, or sleeve 14, of a thermoplastic material, such as high 
density polyethylene extends over the wire 12; a layer, or sleeve, 16 of a composite 
material to be described extends over the layer 14; and an outer layer, or sleeve of a 
thermoplastic material, such as high density polyethylene, extends over the layer 16. 
30 Preferably, the inner polyethylene layer 14 is extruded over the outer surface of the 



WO 98/21023 



PCT/US97/04575 



4 

wire 12, the layer 16 of composite material is extruded over the layer 14, and the 
outer polyethylene layer 18 is extruded over the layer 16. Since this type of 
extruding is well known in the art, it will not be described in any detail. For the 
purposes of a non-limiting example, the inner polyethylene layer 14 is eight mils 
5 thick, the composite layer 1 6 is twelve mils thick and the outer polyethylene layer 
18 is eight mils thick. 

The composite layer 16 consists essentially of a thermoplastic material, such 
as high density polyethylene, containing a plurality of electromagnetic susceptor 
particles disbursed throughout the thermoplastic material before the latter is 

10 extruded over the layer 14, in accordance with known technology. These susceptor 
particles are conventional, and can, for example, be in the form of ferrites (such as 
many of the ferrites manufactured by Steward Corporation of Chattanooga 
Tennessee) or any other types of susceptor particles as long as they absorb energy 
from the alternating magnetic field which is generated by an electrical current 

15 flowing through the wire 12, as will be described. As a result of this energy 

absorption, the susceptor particles generate heat in accordance with electromagnetic 
principles. As an example, the composite layer 16 consists of high density 
polyethylene with a 4% loading by volume of susceptor particles. 

As an example of the application of the wire assembly 1 0 and the method of 

20 the present invention, Fig. 2 depicts two blocks, or sheets, 20 and 22 of a 

thermoplastic material, such as high density polyethylene, which can be bonded 
together in accordance with the present invention but which are shown separated in 
Fig. 3. As an example of their respective dimensions, both sheets are six inches 
square with the sheet 20 being one-half cm thick and the sheet 22 having a thickness 

25 of one cm. A relatively shallow channel 22a is provided in the upper surface of the 
sheet 22 and extends around the sheet near its outer periphery. A through opening 
22b is provided in one corner of the sheet that extends from the channel 22a 
through a portion of the sheet. 

As shown in Fig. 3, the wire assembly 10 is placed in the channel 22a of the 

30 sheet 22 with its end portions 10a and 10b extending through the opening 22b and 



WO 98/21023 



PCT/US97/04575 



5 

projecting outwardly from the sheet. If necessary, it is understood that pieces or 
rods (not shown) of polyethylene filler material are used to fill that part of the 
channel 22a not filled by the wire assembly 10. It is understood that these end 
portions 10a and 10b are connected to a source of alternating current (not shown) 
5 which will be described in further detail. 

The sheet 20 is then placed over the sheet 22 as shown in Fig. 4 thus 
defining a bond line, shown by the reference letter L, at the juncture between the 
lower surface of the sheet 20 and the upper surface of the sheet 22. The projecting 
end portions 10a and 10b of the wire assembly 10 are connected to an electrical 
power source, shown in general by the reference numeral 24. The power source 24 
operates in a conventional manner to apply alternating current at a predetermined 
frequency and power level to the wire assembly 10 for a predetermined time. As a 
non-limitive example, the alternating current is adjusted to a frequency of 34.518 
MHZ and at a power level of seventy watts and is conducted through the wire 
assembly 10 for six minutes. 

An alternating magnetic field is thus generated by the electrical current and 
the susceptor particles in the composite layer 16 (Fig. 1) of the wire assembly 10 
absorb the resultant energy which, in turn, causes the susceptor particles to heat up 
and initially heat the polyethylene material in the layer 1 6 which contains the 
particles. This heat is conducted through the outer layer 18, and to the opposed 
surface areas of the polyethylene sheets 20 and 22, that is, the lower surface of the 
sheet 20 and the upper surface area of the sheet 22 along the bond line L. The 
polyethylene forming the latter surface areas of the sheets 20 and 22 melts and 
flows together and, when the current is removed, the bond site cools and the bond 
is complete. The layers 14 and 18 also melt during the above process, with the 
inner layer functioning to insulate the susceptor particles from the bare wire 12 thus 
preventing shorting of the electrical current passing through the wire, and the outer 
layer 18 functioning to promote a uniform melting of the opposed surface areas of 
the sheets 20 and 22. The above-mentioned pieces or rods (not shown) of 
polyethylene filler material that are used to fill that part of the channel 22a not filled 



WO 98/21023 



PCIYUS97/04575 



6 

by the wire assembly 10 also melt during the above process. 

The wire assembly 10 is particularly effective and efficient for generating 
heat in a bonding application. As may be understood, the extrusion of the 
thermoplastic material containing the electromagnetic susceptor particles causes the 

5 susceptor particles to be dispersed in close proximity to the wire 12 around the wire 
12. Furthermore, if the susceptor particles are generally planar, as is the case with 
ferrites and certain other susceptor particles, the susceptor particles tend to orient 
themselves with their planar surfaces parallel to the wire 12 because of the extrusion 
process. That is, the forces during extrusion are largely directed parallel to the 

10 longitude of the wire. The susceptor particles orient themselves in the position of 
least resistance, which happens to be with their planar surfaces parallel to the wire 
12. That orientation of the susceptor particles is ideal for maximum magnetic field 
absorption and, thus, heating with great efficiency. Beyond that, the location of the 
susceptor particles around the wire 12 optimizes the absorption capability because 

15 the field generated by the current flowing through the wire 12 is lost, for purposes 
of heating, only if it passes through the dispersed particles encircling the wire 12. 
Because minimal field is lost in this manner given the location of the susceptor 
particles around the wire, a superior efficiency of energy is achieved. In sum, the 
close proximity of the susceptor particles to the wire 12 around the wire 12 and the 

20 orientation of the susceptor particles because of the extrusion process provide a 
substantially maximum field strength at the wire assembly 10 when subjected to the 
alternating magnetic field. 

Also, the effective surface area so heated when the wire assembly 10 is 
employed is much greater than merely that of the wire 12. The result is that, during 

25 heating by the alternating magnetic field, the wire 12 is maintained at a much lower 
surface temperature with resulting improved reliability of the heating achieved. In 
fact, the wire 12 temperature would not necessarily rise above the total melt 
temperature and the resistance of the wire could be used to indicate overall bond 
line temperature rise. 

30 Another embodiment of the wire assembly of the present invention is shown 
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in Fig. 5 in connection with the sheet 22. According to the embodiment of Fig. 5, a 
wire assembly 10' is provided which is identical to the wire assembly 10 in the 
embodiment of Fig. 1 with the exception that the wire assembly 10' is approximately 
twice the length of the wire assembly 10 and is configured in a double-back loop. 

5 Thus, when the sheets 20 and 22 are to be bonded together, two sections of the 
wire assembly 10* would be place in the channel 22a, that is, the regular section as 
shown in Fig. 3 and the doubled-back section. The projecting end portions of the 
wire 10* extend through the opening 22b for connection to the power source 24 
(Fig. 5). Pieces or rods of a polyethylene filler material would be used to separate 

10 the sections of the wire assembly 10' and completely fill the channel 22a. As a non- 
limitive example of the power applied to the wire assembly 10a, the alternating 
current would be at a frequency of 29.250 MHZ and at a power level of 70.9 watts 
and would be conducted through the wire assembly 10' for ten minutes. Otherwise 
the bonding operation of the embodiment of Fig. 5 is identical to that of the 

15 previous embodiment. 

As is understood, the double-back loop configuration of the wire assembly 
10* provides certain advantages. In particular, the electromagnetic field generated 
by the current through the wire 12 is even more efficiently utilized for heating 
because of the close proximity of the susceptor particles of both of the respective 

20 sides of the loop. That is, certain of the field which passes through the composite 
layer 16 of one side of the loop without being absorbed by susceptor particles may 
be absorbed by the composite layer of the other side of the loop. Additionally, the 
double-back loop configuration reduces the resulting radiation because a lower 
antenna aperture is possible. 

25 Another alternate embodiment of the wire assembly of the present invention 

is shown by the reference numeral 10 H in Fig. 6 and contains materials and 
components that are identical to those of the embodiment of Fig. 1, which are given 
the same reference numerals. The wire assembly 10" is the same as the wire 
assembly 10 depicted in Fig. 1 with the exception that the outer polyethylene layer 

30 1 8 is omitted. Therefore, this embodiment is less costly than that of the previous 
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embodiment, although sacrificing some uniformity of heating, as described above. 

The advantages of the present invention are many. For example, the wire 
assemblies and the method of the present invention are particularly applicable for 
bonding applications in which the heating must be confined to an area that is not 

5 easily accessible or to an area near the bond line. Further, the wire assemblies and 
method of the present invention achieve uniform heating in an efficient manner. 

It is understood that the present invention has been described in connection 
with the thermal bonding of the polyethylene sheets 20 and 22 for the purpose of 
example only and that other objects in other configurations and consisting of other 

10 materials may be bonded without departing from the scope of the invention. In this 
context, only one of the objects to be bonded may be formed of the thermoplastic 
material and may be formed of a material only a portion of which is thermoplastic. 
Also, the present invention is not limited to the specific location of the wire 
assembly relative to the objects to be bonded, i.e., the sheets 20 and 22 in the 

15 example shown, as long as the wire 12 is positioned close enough to the object or 
objects to enable the heat energy from the magnetic susceptors in the layer 16 to be 
absorbed by the object or objects. Further, the present invention is equally 
applicable to thermoset adhesive bonding in which the pieces to be bonded would 
be provided with a coating of a conventional thermoset adhesive and the wire 

20 assemblies of the present invention would be used to activate and melt the adhesive 
in the foregoing manner. Still further, the specific frequency and amount of power 
applied to the wire assembly 10, as well as the duration of the application of the 
power, can be varied within the scope of the invention. 

It is understood that the present invention is not limited to the particular 

25 materials and dimensions of the wire assemblies set forth above. Also, the wire 
assemblies and method of the present invention are not limited to the bonding of 
two sheets as described above for the purposes of example, but have many other 
applications. For example, the wire assemblies and method of the present invention 
can be used to form enclosures that provide physical protection of cables and 

30 splices used in an outside environment as in the communications industry. Of 
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course, as previously mentioned, the cables referred to herein may be any type of 
communications cables, such as electrical, optical, or others, for which it is desirable 
to provide seals. Another application of the wire assemblies and method of the 
present invention is the sealing of piping material such as the ones used in the gas 
5 industry. 

It is also understood that the embodiments of the assembly of the present 
invention described above are intended to illustrate rather than limit the invention, 
and that the wire assemblies and methods disclosed above can take many other 
forms and embodiments within the scope of the invention. 
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Claims 

What is claimed is: 

1 . A method of bonding a first object containing a thermoplastic 
material to another object, the method comprising the steps of applying a layer of 
thermoplastic material containing susceptor particles over an electrical conductor, 
placing the electrical conductor in proximity to the first object, applying electrical 
energy to the electrical conductor to create an alternating magnetic field, and 
controlling the amount of electrical energy applied in the step of applying so that the 
susceptor particles absorb the energy from the magnetic field and heat up and melt 
the thermoplastic material of the first object to enable the first object to be bonded 
to the other object. 

2. The method of claim 2 further comprising the step of terminating the 
application of the electrical energy to the conductor when a predetermined portion 
of the thermoplastic material of the first object has melted so that the melted 
thermoplastic material cools to bond the first object to the other object. 

3. The method of claim 1 wherein the other object is also formed of a 
thermoplastic material and is positioned in a heat exchange relationship to the 
electrical conductor so that the thermoplastic material of the other object is also 
heated and melted and flows with the thermoplastic material of the first object to 
promote the bonding. 

4. The method of claim 1 wherein the layer of thermoplastic material 
containing the susceptor particles is extruded over the electrical conductor. 

5. The method of claim 1 further comprising the step of applying an 
inner layer of thermoplastic material over the electrical conductor before the step of 
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applying the layer of thermoplastic material containing susceptor particles over the 
electrical conductor. 

6. The method of claim 5 wherein the inner layer of thermoplastic 
5 material is extruded over the electrical conductor and wherein the layer of 

thermoplastic material containing susceptor particles is extruded over the inner 
layer. 

7. The method of claim 1 or 6 further comprising the step of applying 
10 an outer layer of thermoplastic material over the layer of thermoplastic material 

containing susceptor particles. 

8. The method of claim 7 wherein the outer layer of thermoplastic 
material is extruded over the layer of thermoplastic material containing the electrical 

15 conductor. 

9. The method of claim 1 further comprising the step of forming a 
channel in the first object which extends around the periphery of the first object, and 
placing the electrical conductor in the channel. 

20 

10. The method of claim 1 wherein the electrical conductor is doubled 
over so that two lengths of the electrical conductor are concurrently placed in 
proximity to the first object. 

25 1 1 . A method of bonding a first object to another object, the method 

comprising the steps of applying a layer of thermoset adhesive to the first object, 
applying a layer of thermoplastic material containing susceptor particles over an 
electrical conductor, placing the electrical conductor in proximity to the first object, 
applying electrical energy to the electrical conductor to create an alternating 

30 magnetic field, and controlling the amount of electrical energy applied in the step of 
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applying so that the susceptor particles absorb the energy from the magnetic field 
and heat up and melt the adhesive to enable the first object to be bonded to the 
other object. 

5 12. The method of claim 1 1 further comprising the step of terminating 

the application of the electrical energy to the conductor when a predetermined 
portion of the adhesive has melted so that the melted adhesive cools to bond the 
first object to the other object. 

10 13. The method of claim 1 1 further comprising the step of applying a 

thermoset adhesive to the other object, and placing the electrical conductor in a heat 
exchange relationship to the second object so that the adhesive on the other object 
is also heated and melted and flows with the adhesive on the first object to promote 
the bonding. 

15 

14. The method of claim 1 1 further comprising the step of forming a 
channel in the first object which extends around the periphery of the first object, and 
placing the electrical conductor in the channel. 

20 15. The method of claim 14 wherein the electrical conductor is doubled 

over in the channel so that two lengths of the electrical conductor extend in the 
channel. 

16. A wire assembly comprising an electrical conductor, a layer of 
25 thermoplastic material containing susceptor particles extending over the electrical 
conductor, and a source of electrical energy connected to the electrical conductor 
to create an alternating magnetic field so that the susceptor particles absorb the 
energy from the magnetic field and heat up and melt the thermoplastic material. 



30 



17. 



The assembly of claim 16 wherein the layer of thermoplastic material 
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containing the susceptor particles is extruded over the electrical conductor. 

18. The assembly of claim 16 further comprising an inner layer of 
thermoplastic material extending between the electrical conductor and the layer of 

5 thermoplastic material containing susceptor particles. 

19. The assembly of claim 18 further comprising an outer layer of 
thermoplastic material extending over the layer of thermoplastic material containing 
susceptor particles. 

10 

20. The assembly of claim 16 further comprising an outer layer of 
thermoplastic material extending over the layer of thermoplastic material containing 
susceptor particles. 

15 21. A wire assembly, comprising: 

a wire; and 

a composite sheath of a thermoplastic and susceptor particles 
surrounding the wire. 

20 22. The wire assembly of claim 2 1 , wherein the wire is an electrical 

conductor. 

23 . A method of heating, comprising: 

coating a wire with a composite sheath of a thermoplastic and 
25 susceptor particles; and 

generating a field in the vicinity of the wire, for absorption by the 
susceptor particles. 



30 



24. The method of claim 23, wherein the wire is an electrical conductor. 
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25. A method of bonding a first object to a second object, comprising 
the steps of: 

providing a wire; 

locating susceptor particles around the wire; and 
5 generating a magnetic field for absorption by the susceptor particles. 

26. The method of claim 25, further comprising the step of placing the 
wire near an interface of the first object and the second object. 

10 27. The method of claim 25, wherein the susceptor particles have a 

planar surface that is oriented parallel to the wire in the step of locating. 

28. The method of claim 25, further comprising the step of orienting the 
susceptor particles having a planar surface with the planar surface parallel to the 

15 wire. 

29. The method of claim 25, comprising the step of double-back looping 
the wire. 

20 30. An assembly, comprising: 

a generally cylindrical conductor; and 

susceptor means located around the generally cylindrical conductor. 

3 1 . The assembly of claim 30, further comprising a thermoplastic in 
25 which the susceptor means is dispersed. 

32. The assembly of claim 30, further comprising a thermoplastic located 
around the generally cylindrical conductor between the generally cylindrical 
conductor and the susceptor means. 
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33. The assembly of claim 30, wherein the generally cylindrical 
conductor has a generally square cross-section. 

34. The wire assembly of claim 2 1 , further comprising a plurality of 
5 composite sheaths each of a different thermoplastic and susceptor particles 

surrounding the wire, the different thermoplastic of each having a respective melt 
temperature. 
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